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Interactions of polyadenylic acid with the mercury electrode were followed by means of direct current (d.c.), alternating current (a.c.), and pulse polarography. It was ascertained that the electrode reaction of polyadenylic acid did not differ significantly from the reaction of its monomeric components. In contrary to the latter reaction, the polarographic reduction of poly adenylic acid takes place only in the adsorbed state. Desorption of polyadenylic acid from the surface of the mercury electrode at negative potentials inhibits the reduction current. Due to this inhibition the d.c. polarographic curves of polyadenylic acid can have the shape of a single maxi mum or of a "double-wave". A method was suggested for a rapid determination of diffusion coef ficients of single-stranded polyadenylic acid by means of d.c. polarography. A.c. polarographic measurements yielded data on the adsorption/desorption behaviour of polyadenylic acid, on the basis of which conclusions were made concerning the conformation of polyadenylic acid in solu tion. While relatively concentrated solutions of polyadenylic acid must be used in the d.c. and a.c. polarographic studies, a little as 10 -15 ng of polyadenylic acid can be determined by means of pulse polarography.
The use of polarographic methods in the analysis of nucleic acids is based on the one hand on the fact that the polynucleotides which contain reducible bases (adenine and cytosine) yield polarographic reduction currents as far as the reduction sites are not prevented sterically from interaction with the electrode1-10, on the other hand on following polynucleotide adsorption on the mercury elec trode u_13.
Polyriboadenylic acid is a homopolynucleotide formed by adenosine monophosphate units. Neutral single-stranded polyadenylic acid (further poly (A)) has a helical structure with partially stacked bases 14. It is supposed that the majority of reduc tion sites in poly (A) is accessible for the electrode process 9. The protonation of the bases at acid pH causes formation of the double-helical structure of polyadenylic acid (further poly (A.A)+). The poly nucleotide chains in poly(A.A)+ are parallel with adenine residues protonated at N -l, and are stabi lized by two hydrogen bonds (between the 6-amino group and N-7, eventually an oxygen atom of the phosphate group) and by electrostatic forces be tween the protonated N-l and the phosphate group15. At acid pH poly (A.A)+ can exist in sev eral forms differing in their polarographic be haviour 9. Our recent results16 indicate that the existence of the different forms depends on the length of the molecule of single-stranded poly (A) and that the properties of poly (A.A)+ are strongly influenced by aggregation.
Polarographic methods were used for following the transition poly (A) ^ poly (A.A.)+ 7> 9' 16>17 as well as for the determination of molecular weight of single-stranded poly (A) 8. The present paper brings information which characterizes in a greater detail electrode processes to which both single-stranded and double-stranded polyadenylic acids are ex posed.
Materials and Methods
Two samples of polyadenylic acid (samples S and L) were products of the firm Schwarz, Orange burg, N.Y. They were used for polarographic and spectrophotometric measurements in dependence on pH, which showed16 that the length of the mole cules influences the polarographic behaviour of acid forms of polyadenylic acid. The third sample (sample M) was purchased from Miles Laboratories, Elkhart, Indiana. Sedimentation coefficients s^,w of olyadenylic acid were kindly estimated by Dr. J. ponar. s% otW were determined in 0.1 M NaCl with citrate buffer containing 1-10_ 3 M ethylenediaminetetraacetic acid (EDTA) at pH 6.5 for the single stranded form and at pH 4.9 for the protonated double-helical form; concentration of polyadenylic acid was 1-10_4m. sao.w and diffusion coefficients D for all samples of polyadenylic acid used in the present study are listed in Table I (Fig. 2 ) ) were ob tained from a sample of 2.0 m M polyadenylic acid prepared in the above described way by stepwise dilution by background electrolyte to the concentra tions given in the graph. The concentration of poly adenylic acid related to the mononucleotide content was estimated spectrophotometrically.
The macroscale electrolysis at a controlled poten tial was performed on a mercury pool electrode bubbled with a stream of N2 using a potentiostat (SVUOM, Prague). The pulse-polarographic measurements were car ried out with an A 3100 Southern-Harwell Pulse Polarograph (Southern Analytical Ltd.) using the DME; other details were already published7. In pulse-polarographic measurements the mercury pool on the bottom of the polarographic cell served as a reference electrode. The capillary used in pulse polarography had t = 5.5 s.
Spectra were measured on a Unicam SP700 re cording spectrophotometer; pH values were mea sured with a Radelkis OP 205 pH-meter. All mea surements were carried out at 25 °C.
R esults

Macroscale electrolysis
The 
Classical (d.c.) polarography
The majority of measurements of poly (A) was performed at pH 5.8, i. e. in the region where the reduction current of poly (A) does not practically depend on pH. The dependences of the d.c. polaro graphic step height (/) on concentration of poly (A) or poly (A.A)+ (samples S and L) had a limiting character (Fig. 2) . The dependences obtained for poly (A) as well as for poly (A.A)+ with lower S2o,w (sample S) reached the limiting values at lower con centration than the dependences obtained for the sample L (Fig. 2) . The transition poly (A) -> poly (A.A)+ caused in both samples (S and L) a shift to higher values of polynucleotide concentra tion at which the limiting value was reached (Fig. 2) .
The character of the dependence of I on the mer cury column height h was changed with polynucleo tide concentration. The ratio / : hl,t was independent of A1/f or slightly decreased with increasing A1/f ** for samples S and L of both poly (A) and poly (A.A)+ at a concentration of 8 -1 0 _5M (when the limiting part of the concentration dependence curve was not yet reached - Fig. 2) . However, if poly nucleotide concentration was so high that current did not change with increasing polynucleotide con centration, the ratio I : ti'* was enhanced with growing t i 1*; the step height was directly propor tional to h (Fig. 3) Also the shape of i/t curves of poly (A) (sample L and S) recorded at various potentials along the rising part of the d.c. polarographic step (Fig. 4 a) At pH 6.0, 1 1 0~4m poly (A) with the lower 52o,w (sample S) yielded a d.c. polarographic curve having a shape of a single maximum (Fig. 5 a ) . On the contrary poly (A) with the higher 520, w (sample L) yielded under identical conditions a "double-wave" composed of a step and a more negative maximum (Fig. 5 b) . The decrease of cur rent, due to which a maximum arose on the d.c. polarograms of both samples, appeared for the sample L at potentials by approximately 40 mV more negative than for the sample S (Fig. 5) . Simi lar dependence of the shape of the d.c. polaro graphic curve of poly (A) on $20, w a s also observed by Janik and Sommer 8. 
A.c. polarography
Parallelly with the d.c. polarograms also a.c. polarograms were recorded for 1-10_4M poly (A) (samples S and L) at pH 6.0 (Fig. 5) . The more negative a.c. polarographic peak 2 appeared always in the vicinity of the potential corresponding to the beginning of the decrease on the d.c. polarographic curve. Potential of the peak 2 of the sample L was also by about 40 mV more negative than that of the sample S. However, potential of the more posi tive a.c. polarographic peak 1 was for both samples, L and S, approximately the same (Fig. 5) .
The a.c. polarographic behaviour of 1.0 mM polyadenvlic acid (samples S and L) was followed in the dependence on pH. Poly (A) yielded two peaks on the a.c. polarogram in the vicinity of potential -1.3 V under conditions, when poly (A) was polarographically nonreducible13 (Fig. 6 a ) . The potential of the more negative peak 2 was more negative for the sample L than for the sample S (Fig. 6 a ) . A decrease of pH (conditioning the reducibility of poly (A) caused an appearance of a (Fig.6 e) . For the sample S this effect was observed only at pH 3.3. At this pH value the polarogram of the sample L was already identical with the polarogram of the pure background electro lyte (Fig. 6 f) .
Pulse polarography
The sample M was used in the pulse-polarographic measurements. Normal pulse-polarographic curves of poly (A) exhibited the shape of peaks, the height of which depended on starting potential. E.g., (Fig. 7 ) ; at 25 mV a small deviation from the linearity could be observed and the peaks obtained at the amplitude 50 and lOOmV were sub stantially higher than it could be expected for the detectable concentration of poly A was about 2*10~7M for pulse amplitude 100 mV; if the analy sis was performed in the volume 0.2 ml, approxima tely 10 -15 ng of poly A could be detected.
D iscussion
Monomeric adenine and its derivatives are sub ject to an irreversible four-electron reduction on DME 27'28. At the reaction of these substances on DME, 1,6 and 3,2 N = C double bonds are reduced; the necessary condition for the reduction is pro tonation of adenine moiety on Nl. Polarographic reduction current is diffusion-controlled at pH < 5 , when the current is almost independent of pH. It has kinetic character at higher pH, when the current decreases distinctly with increasing pH 27'28.
A comparison of the heights of the normal pulsepolarographic peaks of polyadenylic acid in the course of a shift of the pulse potential either to more negative or more positive values shows that, similarly to monomer reduction, also the reduction of the polynucleotide is irreversible29. Changes of Et/t with pH indicate that the reduction of poly adenylic acid takes place in the protonated state. Previous results together with the results of the electrolysis (Figs 1 c, d) show that the electrode reaction of polyadenylic acid probably does not very differ from reactions of its monomeric units. In contrary to the reduction of these units, adsorp tion of polyadenylic acid on DME represents a very important factor in its reduction. It is supposed that the reduction of polyadenylic acid at negative poten tials can (considering the polyanionic character of the molecule) take place only in the adsorbed state30. The adsorption character of the current of polyadenylic acid manifested at higher polynucleo tide concentrations (Figs 2 and 3) , the shape of the d.c. polarographic curves as well as their rela tion to the a.c. polarographic curves (Fig. 5 ) are in agreement with this assumption. If polyadenylic acid is reduced only in the adsorbed state, its de sorption from the surface of negatively charged DME must inhibit the reduction current and a de crease can appear on the d.c. polarographic curve. Due to this decrease the d.c. polarographic curve can have the shape of the single maximum (Fig. 5 a) or of the "double-wave" (Fig. 5 b ) . The latter case takes place if the polynucleotide desorbs at poten tials only a little more negative than the potentials of the beginning of the limiting portion of the d.c. polarographic curve. Under these circumstances first the more positive step arises (the beginning of the reduction limiting currnet), and the following current decrease has, due to superposition on the curve of background electrolyte discharge, the shape of a maximum (Fig. 5 b) . If the polynucleotide desorption takes place at more negative potentials, the current decrease merges with the too high back ground electrolyte discharge current. On the con trary, if the polynucleotide desorption takes place at potentials more positive than are the limiting current potentials, the current decrease is manifested in the way demonstrated in The unusual dependence of the height of the deri vative pulse-polarographic peak of polyadenylic acid on the pulse amplitude (Fig. 8) is connected probably with the proximity of potentials of reduc tion and desorption of the polynucleotide. Similar dependence was also observed with poly(C)7, DNA, and RNA33, and it can be supposed that the ex planation of this dependence suggested for poly (C)7 will be essentially the same also for poly (A).
It has been shown for many polyelectrolytes in cluding DNA and RNAn » 34-36 that under condi tions when the DME surface is not fully covered by polyelectrolyte molecules, at a constant drop time t, the measured surface property (surface ten sion, surface charge density, and differential capa city) is directly proportional to polyelectrolyte con centration in the bulk of solution c and thus also to the amount adsorbed r t . It means consequently that diffusion is the controlling process of poly electrolyte adsorption on the DME surface11. We have also shown for polyadenylic acid that the value of current (/), which is probably also a surface property of polyadenylic acid, is directly propor tional to polyadenylic acid concentration under conditions, when the full coverage of the DME sur face is not reached (Fig. 2 a) . It can be therefore supposed that diffusion is the controlling process also in polyadenylic acid adsorption on the DME surface at potentials of its reduction. For short drop times, when the full coverage of the DME surface is not yet reached, the adsorption process controlled by diffusion can be described by the relation A = 0.745 (Dt)*hc,
where D is the diffusion coefficient of the adsorbed substance7) 38. The saturated surface concentration .T8at can be reached for certain cgat at each given t. 0 -( -1.2) V (Fig. 6 e ) ) is obviously connected with a higher tendency of longer poly (A.A)+ molecules to lateral aggregation in comparison with shorter molecules of the sample S under identical conditions 16. The lateral aggrega tion leads to a decrease of D as well as of the num ber of accessible groups which have the tendency for adsorption on the DME 13. From spectrophotometric measurements it follows 16 that the total loss of adsorbability of the sample L at pH 3.3 was probably a consequence of formation of so great ag gregates that they started to precipitate from solu tion. The decrease of adsorbability of poly (A.A)+ at pH 4.0 and lower thus shows that, under condi tions of our a.c. polarographic measurements, not only the hiding of reduction sites inside the double-helix took place as it had been suggested by Janik et al. 9 . By this mechanism the adsorbability of poly (A.A)+ could only be changed, but not totally disappear. Namely it was shown13 that all con stituents of polynucleotides (i. e. residues of bases, sugars, and phosphoric acid) are capable of ad sorption on the DME. Thus, merely the hiding of bases should not lead to the total loss of adsorbabi lity in a broad range of potentials.
Tab. I. Sedimentation coefficients (s20,w) and diffusion coefficients (D) of polyadenylic acid samples used in the present study. 
